The role of phosphorylation on the assembly-disassembly of vimentin and desmin. The cytoskeletons of most mammalian cells are composed of three major fiber systems that can be distinguished electron microscopically: microfilaments (6 nm in diameter), microtubules (24 nm in diameter) and intermediate filaments (10 nm in diameter). Although intermediate filaments appear to play a significant role in the maintenance of the organization of the cytoplasmic space (18, 22, 33) , the cytoplasmic regulatory mechanisms that govern the assembly-disassembly of these structures have yet to be well characterized. Until recently, most information on these regulatory mechanisms has come from two other classes of cytoskeletal filaments, microfilaments and microtubules, which together with batteries of associated proteins have been extensively characterized (7, 24, 28, 29) . We recently demonstrated the role of phosphorylation of vimentin and desmin in vitro as follows (16, 17) : Vimentin and desmin are excellent in vitro substrates for protein kinase C and cAMP-dependent protein kinase, but not of several other kinases. Vimentin and desmin phosphorylated by each protein kinase do not polymerize, and any polymerized filaments tend to depolymerize after phosphorylation. Moreover, dephosphorylation by phosphoprotein phosphatase induces reassembly of soluble vimentin and desmin into filaments.
The phosphorylation of a protein or proteins constituting intermediate filaments may be one of the regulatory mechanisms involved in the assembly-disassembly of intermediate filaments (4, 5, 8, 9, 11, 12, 23, 27) . Vimentin, desmin, keratin, and neurofilament proteins are all phosphorylated in vivo and in vitro. Apart from experiments at the cellular level, no early in vitro experiment using reconstituted filaments has shown that phosphorylation can modify the function of intermediate filaments. There are several reasons for this, some of which are listed below: (1) We think that factor (2) is particulary important. As with phosphorylation of many other types of substrate proteins, MgCl2 concentrations have been chosen at relatively high concentrations (3-10 mM) for phosphorylation assays of intermediate filaments. Increases in the MgCl2 concentration are reflected by alteration in the rate and extent of both vimentin and desmin phosphorylations by protein kinase C or by cAMP-dependent protein kinase (16, 17) , since the high MgCl2 concentration (>3 mM) promotes the formation of abnormal vimentin or desmin filaments from each soluble protein. As shown in Fig. 1A desmin-specific Ca2+ -activated proteinase appears to involve limited proteolysis of the 9-kilodalton amino-terminal fragment which is essential for assembly of protofilaments into intermediate filaments.
The question arises as to which of the phosphorylation mechanisms or the proteolytic mechanisms predominantly regulate the assembly-disassembly of the intermediate filaments in vivo. The phosphorylation mechanisms could be related to observations that the organization of intermediate filaments changes in the cells undergoing phosphorylation events (4, 5, 8 ,9, 11, 12, 23, 27) . The proteolytic mechanisms could be related to the finding that vimentin and desmin are susceptible to proteolysis, in vivo (22) . At the present time it is not clear if one or all of these mechanisms are preferentially involved during the dynamic rearrangement of the intermediate filaments in vivo. Whether these mechanisms are involved or whether other modifications are effective during the dynamic rearrangement of the cytoplasm in a variety of different cells presents an interesting challenge for investigators. 
